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o MAMUAL ISCTERITY AND TACTILS SRNSITIVITY IN TES COLD
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DoJcmrtl.'tt snd D.G.C.Gronw
RaF Institute of Aviation Medicine
Novewber 1952

' This peport has been errsngod in twe iarts to bring out as olearly as posaible
both tho mein expsrimentsl conclusions that appesr ¢o be Justifi~d snd the degree o which
"hey are supported by stetistical analysis. Part I it dszoriptive. lIert IT contains the
;detailed statistioal snalysis. .
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(1)s Experiments have been carried out to ssoertain the effeot of cold oondi o the
performance of tasks involving menual dextority and tsotile sensitivity.
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(2).In & pilot experiment at room tempersture, 4 menusl dexterisy and 3 taotile sensitivity
testz wore given ¥o0 20 subjeots. Subsequent vorrelations between pairs if tests of the mame
kind showed there was no statistionl Justification for eliminating any of the menual
dexterity teats. Of the taotile sensitivity tests only one (the two-point disoriminstion
test) was rotained.
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(3).18 subjeots wors tested in the cold chumbsr and were divided into 3 groups of aix:

Orowp A was exposed to a temperature of ~10°C, tor ¢ b with still afr
orowpd * * ] =100, forlhr * v ¥

orowp e * * ’ *10%, for 4 hre. * % ®

(4). In nach group the tests were applied in a balanced design. Subjects were given pre-
exposure, and exposure test runs, and on leaving the ohamber esch subjeot continued ¢o
pertorm the feats in rotation until his performence returmed to nsar pre-exposure levels.
Sidn (finger) temperatures were recorded.
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(s).

(6).

(7.

(8)0

(9).

To 843 interpretation of the resulta of the first experiment, s second cne was oarried
ont using she two-point disoriudnution test et room te.persture only. Groups A sud O,
and a third g!jpup_»_rn) of 12 men not previously tested took port in tids exporiment.

In & third experiment, 6 subjocts (Group D) were given the tactile sensitivity test and
me of the manual dexterity teats a¢ intervuls bufaore entering the cold ohsmber, and
during a 4O-mtn, exposure perict.

In the first experiment all three groupe of subjeots showed signifiocent impairmont in
performence in carrying out all the 4 menusl dexterity tasks in the cold, with the
exoeption of Group A, whinch showed a non-significant improvement on me of ths tests.
Porformences deteriorated as the exposure period inoreased, showing more markedly with
some tests, snd with some subjeots than others.

All three groups showed iuprovement in tuctile sensitivity during the firs¢ 30 minutes
in the oold chamber, The performance of all three groups showsd a tendenoy to return to
pro-exposure levels of parformunoe on leaving the chumber. Very signifiount differences
wers found between the perrormsnces of subjecis in tho some group.

Skin temperstures wers simifiocently covruluted with length of oxposure and with Yaotile
sensitivity.

(10). In the swoond experiment swurngo rocdings for Group D shoved a sterdy improvement

throughout the experiment, wiile those for Groups A and C meintained a fairly oonsistent
level of performence. The resulls of the third experiment indiocated thas the improvement
of teotile senaitivity in the cold found in the first experiment mey by attriduted to a
'lesrning faotor'. Msnusl dexterity may be affeoted in a similsr manner.

(11). Rxposure to cold prevented the normal iwprovewent in performence of menusl dexterity

tanks, taking place a¢ room temperature. This 414 no% ooour in the case of tactile
disorimination until » sudden lewering of the temperature was hrought about, asusocdated
with the introduction of a wind factor.
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PART ONE

THE PROBLEM

ALE T
T

Many earlier experiments have shown that human sensitiviiy and volitional behaviour
are adversely affected by exposure to sevare cold, especially wit' wind. The preasent
enquiry was undertaken in an attempt to discover more about e effect of lsaz severe low

temperature conditions on the sams types of performance.
' t-.J-_;j.?M;,jé}v_t{r

B

I, ;'::;,"%: :écr;ption of the Teats
* "1\:
1. Ml Dexterity taska

The Peg Test
The Nut and Bolt Test

—r="— The Sorewdriver Test — screwing in
The Sorewdriver Teet — unsorewing

Plate Si?: "l'he- Pag Test

:-“»gig;‘ ‘:"mﬁ{‘g)}"* i A

In a tiock of waod 8 X 241 x 17 tao wets of 2 r:ndenly arranted holes weiw drilled, The two totz of holes
were teparated by a 21 X " space, The bloci: of 'wood wuu heald on the tatle by the subjectts left hand, and he
performed the test by transferring 20 pees, /108 dianeter, with his richt hand frog ono get of hales to the othery
All subjocta used were right-t:onded,

te
Plate (vii): The v-test

i




P

BEATIEM - el

I‘hte_(}i): The Nut and Bolt Test-.

Consiated of two metal plates 4 x 3' In which €, 13" bolts were mounted in a regular aquare arrangement = 2% x 27,
The plates were separyted frou one another by 1 2/10% go that the bolts projected 3/10% above the upper plats. Eight
6 B, A, NUts on each of the projecting portions of the eiMt bolts, which had been screved dom until they wore in

contact with the upper plate, had to be removed by the subject a: quickly as possible while he liedd the apparatus un
the table with his left hand,

Plate (1i1) & (iv):t The Sorewdriver Test

‘o

Congisted of two aetsl
slates 3" x 2* arranged
at right angles, with two
sots of five /i B, ., NULS
esch set arranged In a row
in the centre of one of
the patal plates, In
order to screw the j=inch
tolts irto the nuts,
s jocts were allowed %0
begin by sorewing the pelt
in with thelr fincers
until the tip of the bolt
was flush with the back of
the setal plate, and the
task wis couplated with
a serewdriver, Lnsorews
ing was carried out with
& screwcriver, wntil the
tip of the dolt no lonser
projected beyond the back
of the plate, and there=
after the nut wcs removed . e
by hand, u‘:‘w -
g s A

v,‘g

All tests had to be pserformed as quiockly an porsible. The "score” v»a the time
taken to parform each task,

4 e gt e o

e v o RE £a I & e BT - Ake h b ¥




f
'
{

2. Tactile Serzitivity

The Hole Test (plate vi)

Plate ‘vh The Dividers Tast

Plate (vi): The Fole Test

Two-point Discrimination (the Dividers Test) (plate v)

The 'V-Test' (Mackworth 1951) (plate vii)
The apparatus for each of these was made up in perapex.

A two-point instrunent € in, long sinilar to a pair
of cocpasses wag coustructed, “ihen applyiny the tect
the nerfal "jiethod of Linita" was used first in
doacending and than (i ascending order, (i.e, the
points were rirst applied «widely separated und then
brought nearer tojether, until the oubject reported
soner point only,) The order of application vas
then reversed, T1:¢ divider points were arplied to
the pulp of tle zcubjectts right index finner

During a run the subjects remained passive, the test being applied by the experimenter.
No actual measure of the pressure with which the test was applied was made, though the
experimenter endeavoured to meintain oconstant pressures, and was careful to apply the two
points of the Dividers Test simultanecusly.

One oocmplate test consisted of 10 runs in each direction, the subjeot giving respon-
ses of "two" or "one" according to the sensation of the mmber of stimuli received. The
test was scored by rocording the last, or the first separation in each case, when the
response "two" was given, and an average of the ten readings so recorded was taken as an
indication of the subjeats tactile sensitivity at the time of the test.

A SUPMD of perspex was used in which a regularly graded series of holes of known dismeter had been bored, The
pulp of the sudbject's finger was applied to the perspax strip by the experimenter, -n¢ the test was congited a2
for the Divicers Test, with the exception that the subject's rerponse was “hole® or "no hole", and the rending
Tecorded was the dianeter of the hole last or first felt,
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II. Ssleotion of the Tests

Graded forms of each of the marmal dexterity tasks were constructed - e.g, & differ-
ent sises of peg, 6 different sises of mt, and 3 Aifferent sises of bolt., These tents,
together with the taotile sensitivity tests alresiy desoribed were given to 20 subjeats
in & pilot experiment &t room tempersture in order to ascartain whether any positive
corvelations in perforsance existed between tests, snd also in sn effort to eliminate

. soms of the tests and 80 yeduoe the total time of trisl. uoder full 1@ conditicrs.

All subjects chosen were healthy males detwoen 20 and 35, engaged in research work
in the RAF Institute of Aviation Medioine,

The results of this experiment showed that in tha tris 0 the dexterity tesks each
was reasonsbly independent of the others. Accordingly it was dsoided

performance
retain all A tests,

In the case of taotile sensitivity there proved to be sonsidersble overlap bhatween
a1l 3 of the formwa used, as indeed might have been expeoted, It was therefore decided
to adopt the Dividers Test chiefly becausecf its suverior dsfiniteness and the greater
880 with which soms ocontrol over pressure sould be maintained, (See correlation valuss

:otcrrodh abovoe will bde found in Tebles I(a) and I(b),) Part Two)

III, Qeneral Oonditions of the 0old Experiments.

% Qo t Civilian Subjects wore their ordinary winter underolothing, a heavy-

weigh 7 pullover, long black wool stockings, & kapok "inner-lining® for external

protestion, fleece=-lined flying boots, a loose weave 'dish-cloth' sosrf, & cold weather,
osp, & light-meight, wool {M and a ootton=backed glova for the non-pre-

wind<groof
forred hand (1.0, the lef$ hand in all subjects tested ),

Servios personnel wore exsotly similar oclothing, exoept that they wore battle«dress
blouses, instead of the Mavy pullover.

T fors of protection was provided for the swbjecks' right hands,

2, Oold t Oonditions (~10°C., with atill air) could not be maintained for

longer in the experimsntal chsaber., OComsequently, as there was a cone=

timsal wwerd trend of temperature, subjects sctually entered the chaxber at a tempera~

ture of «42°0,, and when this rose to =5°0, (generalily 30 minmutes later) the nw -
5 Qe

ting plant and elsetrical fan were turned on, to bring the temperature down to

IV, pesoription of the Rrperiments.

1. 1,, 18 0 the 20 subjests already tested were chossn and divided indo 3
groups of 6, on besis 4f their nverage tactile sensitivity realings alresdy

80 that each group oomtained an equal mmbor of spparently “more® and apparently "less®
sensitive sudbjects,

_Mmeeoubwtunofdo%. for § bour,
Oroup B * ) L I ] » ) .1o°o. * 4 hour, E
Grouwp O * " L) - . ..10‘0. .« 1{ hours,

e chosen asks were applied in & regular, balanced design for ssch group, with the
teotile semsitivity task always Jwpt in the oentral position i.,e, the thiyd task perfiwmsd

mmmumnutmmmuntnmmnm(@»
18°0, ) on the couplete battery of tests, in order to establish a bssio reading for that
subjeoct for each test, A skin«tempersture resding was then taken with a copper-enstmion
thermooouple, The thermooouple was placed on the centre of the pulp of the exnosed inlex
finger, and kapt in place with xinc-oxide strapping. After the resding hed been taken

the thermooouple was yemoved,
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The subject then entered the 0o0ld chember where he remained seated at rost through-
out the exposure period. %Ysotile sensitivity recordings were taken at 10 minuts inter—
vals after entering the chasber, and skin temperature resdings were taksn before end
after each recording,

Sinoe the oomplets battery of tests took an average testing time of 20 mimutes to
complete, testing was commenced 10 minutes before the end of the SxXposure period, emd
continmwed for 10 mimutes after that time, but sinoe sudieots differed nonsiderably in
thomtofﬁ.-Mbokwmbwwusu,msoﬁouuwwb
ocontinue teating in the 00ld chamber for 15-18 minutes after the emd of the eIpOSUre
period, Bkin temperature readings were taken before spd after the final testing pericd
ia the 00lA ghasber, '

On leaving the 00ld chamber, the subject contimisd to perform each test in rotation
until his performsnce lsvel returned ¢o the original value, or nsar the criginal value,
Skin tesperature readings were taken bdetween each test,

:i ﬁdﬂnﬁ acth:lubjootling:pltndOnn re~tested, using the two-point
8¢, at room tempera only, Qroup B was elixinated owing to the
moru-.-\:onorhm.

A third group of 12 subjects = Group D = was tested over a period of €0 minutes at
room temperature, The individnals in this group had not taken part in the previous
oxperiment, but were heing teated for the first time,

The Dividers Test was applied as defore, Subjeots were tested at 10 minute inter-
vals, mmmumm-hhththuoofmmsomﬁmt,n
that & ‘pre-exmposure level' reading was first taken, a period of 45 minutes allowed to
9lapse, and then testing was continued at 10 min, intervals for the requisite 'exposure’
poriod wntil finally two so-called 'part-exposure’ realings had been recorded, (Note:
‘he test itself took 3-5 mins, to apply so that "testing at 10 min, intervals meent a
and a rent period of 5 min,

) 5 nt 3. 6 svailable subjeots in Oroup D were tested at room-temperature at
40 =in, until their taotile seneitivity level seemeld to have resched a fairly
t on the sams oold-wsather olothing ss was used in Bxperi-
mont I and entered the cold chasber. Thn same temperature (=10°0, ) was used as in
te dnter
sn
that

i
i
B
Bzl

00l4 exposure, subjecis mre re-tested at 10 mimu
the chasber rose suffiolently ¢to require the eleotrio f
turned on to reastore the test conditions, This meent
‘0014 exposure lasted for 30-40 minutes for most subjeots, and the 'windechill faoter'
was elimineted, Mo skin temperature readings were yeocorded,

The Peg Test, shortest of the mamusl dexterity tasks 0 perform, was given to every
sudject after the taotile sensitivity resding hed been recorded, both at room tempere=
Sure end in the 0old conditions, '
\ 3 rinental Mesultsa:

Bxperiment 43 Pesulte; Marmal Dexterity,

1

hr and 1§ hr groups (A, B, and G groups
nmot)inly)m drewn up from the sbsoluts individual figures. (See Figures 1,2,3,

;
1
-
!
i
43

ad &,
In all groups with the e xoeption, for all & tests, the averege curves showed a
Gafini e impairwsnt of performance at the emd of the poriod, The average curve

representing the performence of the j~hr group (Grovp A) on the Peg Test, shows that in
fant at the ond of the exposure period, performance hed slightly improved, though the
1oas of 1,5 seca, on their original level st room tempersture is not significant, shorihyg
fhat the exposure ¢o cold had no effect on thia group performing thia test,

It was epperent from the individual curvea that the perforwances of subjeots varied
consideredly within groups, some subjects showing 1little or no chavge in performence
level threughout the experiment, (e.z. one sudjeot in Group B had a pre-exposure level
of performanse of 231 sec. test 3 of which rose t0 253 evos. after 60 wimmtes exposure
and finally droppel to 245 sec., 30 ainutes af'ter leaving the 0dld chasber), while other
subjeots shrw a very merked deterioration in performance (e.g. another subject in the
same group, performing the same test, a pre-exposure level of performance of 189
seca,, wvhioch rose to 358 secs, after 50 mimutes to exposure, snd finally drorged to 185

seos., 30 minutes after leaving ths 00ld chambaer, )
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Tables II(a), II(b), XXI(c) and ITI set out the relevant statistioal data for this
seotion cf the report, The more importent oonclusions arising from 4he snalysis were:-

2 ) Performances deteriorsted more on seme tests than others in the oold.
3) Performances of some subjeots within a group deteriorated more than those
of other subjeots.

mbgh' Oommentss= Subjeots in Groups B and O commented on t» loss of porer in the
» eppeared to them to be more pronounced than lcas of sensitivity, and this
oboervation was used by them to0 explain the inoreasing swkwardness snd oclumsiness in
manipulation of the dexterity tests towards the end of the exposure period,

Oraik observed in his work on 'Effects of Cold vpon Hand Myvementa and Reaction Times'
that "whereas normally the thumb can be rotated to face the fourth fifiger and extended
to touch the tip of this finger without the latter bending at its inter-phalangeal
Joints, whon oold the fourth finger is involuntarily bent to meet the alwost helpless
thmb, and the thuxd fails to rotate, pressing sideways towards the fingers®,

Both sorewdriver tests were found to tax the powers of the subjects most, the great-
wat diffivulty deing experienced in endeavouring to piok up the bolts the correot way
s and insert them with a slight screwing motion into their holes, .

t 1 = Results; Tactile Sensitivity,

in the case of mamisl Aexterity, average curves for Groups A, B and O were drawn
the adsolute and relative figures (see Pigures 5 and 6). (Note: The relative
21 obtained by the method used by Meokworth in caloulating his 'mmbress
readings on the Dividers Teat taken before 0cold exposure differed
the sizge of the just detectable gap varied from 1.55 a.m.
o8 much a8 2,7 m.m. in others, It was therefore mecessary to remove
e individnal 4ifferwnoes in normal tactile sensitivity when estimsiing
ohosen envirorment, PFor each person the difference
of the just deteotadbls gap and each of the subsequent gap

gi Performances deteriorated as the exposure period inoreased,
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sises needsd by that person was oaloulated, The ‘taotile sensitivity index' was there-
fore the averege dscresse or incresss required in physiocal gap sise to keep the tactile
impression of two separate, dfstinot points, and this aversge figure wes the mesn of
nmmmmmmumﬁm.m.z In a1l 3 groups, the average
ourves showed a definite improveasnt in i.8, a deorease in he physical gap
sise required to keep the impression of two points), which was maintsined for the first

s
b
g

exposure, This improvemsnt, although definite, was small, the largest
average gap sime for sny being 0,5 m.m, (Group B), and in actual gap
inddvidual 1,3 m,m, (Group A). In both Groups A and O, the maximum
performance was reached at the 30 minute level, and® thersaftsr performance begen
In Growp B, the maximum improvement was reached after 20 minutes expo-
, nd again deterioration appeared after 30 minutes, Group C reached a fairly ocon-
tens level of performance after 50 mimtes, hut a seoond slight improvement coocurred
Guring the last 10 adnutes of the exposure period, .

The edrupt change in performance shown by all the aversge ourves after the 30-40
minute lewel appears to correspond with the time at which the rofrigerating plant and
ﬂndnﬁem'nomdonmmmbmwoumnm:.thohﬂ;r.

ohange
mhMAmMﬂﬁmmorthhommhmooMoonn-
tions and their retuwn to room temperature. :

A1l three group sverage curves demonstrate the tendency to return to their original
levels of tactils sensitivity on terxinating their periods of exposure, Testing was
contimed for 30 minutes, or longer, with each individual after leaving the 00ld chamber,

Tables IV, V, VI(a) and YI(b) set out the relevant statistioal data for this sestion
of the repors, There are significant differences batween groups, between temperatures,
snd between subjects within groups, but whereas the improvesent between pre-exposure anmd
terminal exposure resdings was definitely sigmifiosnt, the change in performance between
terwinal exposure and final pos?-exposure readings (11lustrated in figs. 5 amd 6) was
found to de non-signifioant,

i
il
L

1R
1
3

Bub jnats’ Commentsi= 10 of the 18 subjects performing the teotile sensitivity test
mﬁmnnon of inoressed sharpness or better definitior of the points of

the perspexr dividers in the 6614, This sensation ocmmenced fairly soon (approx, 20 min, )
after entering the chssber, and appeared to fade graduslly after AD minutes exposure,
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2 subjects in Group G hed some diffioculty, after 60 minutes exposure, in Aifferen-
tiating the two divider points even at their maximne separation. This difficulty was
assoolated with a subisotive sensation of pain, oxtreme cold, ama soms stiffness of the

following the second exposure to the fau snd refrigerating plant. Both subjects
at this time, hed a skin tesperature of L-#.5°o., the lowest skin temperature reocorded
for any individual during this experiment, Withir about 10 mimutes, however, a phase of
mo-)dihhtm ooourred, and the sbility tc distinguish the points returned ( Blaisdell
1951). '

Taotile Sensitivity end Skin Temperature:

QGroup aversge curves from skin temperature resdings were ;lotted together (Fig.7),
and also with group average curves for taotils seneitivity, on ths same time scale, Tm
both Groups B and O a lag was present between the lowsst point reached in taotile serei-
tivity performance and that reached by skin temperature (i.e. the lowest tactile sensi-
tivity resding was recorded before the lowest skin temperature resding) In Group A this
phenomenon was reversed, 7The same relations between ourves for all groups was saintained
after the termination of exposure,

Skin temperature correlated direotly with length of_ cold exposure, The lowest points
reached oa the group aversge curves were 10.8, 9.0 amd 8,2° C. for Groups A, B amd C
respestively,

Skin temperature returnsd to pre-exposure levels more nearly than taotile sensitivity
after terminating the exposure périod in the 00ld ohamber,

Table A. Aversge Initial and Final Skin Temperature Resdings.

. —

Group Original Pre-Exposure level Isvel 4O minutes af'ter terminating exposure

A 3% 31%
32°% 31%

0 32.5% | 26%

Oorrelations Detween sets of readings of taatile sensitivity and skin temperature from
the uio:adl eflt:: :8 :ubaootu were cn-r;.;l out, It was shom that there was w

oorre ons alnost signifiocant at the level, lllustiating that iuiproved performs
oa the two-point disorimimtion test was nmh:tod with a :11 in lldp:ot.p%t'm.m

Bxperiment 2 - Results,

Oroup aversge curves from the sbsolute and relative figures were drmwn, (figs.8a9)
In both Groupa A and O the longest deviation from the 'pre-exposure’ level was a differ-
enoe of 0,2 . In both cases this differvnoe representsd sn iwprovement in per{ormance
and was reoorded for the second resding, i.e, the first 'exposure' resding. The group
average ourves show a relative corsistenoy in taotile sensitivity performance level,
go::aotnﬂuomotMAhthdmdtwsomun,uﬂinthoenoof&-oupo
simites,

The. iwprovement per subject over the period of testing orly average 0,07 mm,, A
non-significans change, There was, however, & very definite improvement in the initial
reading of this new trisl oompared with the initial resding of the previcus trial ocemied
out some time before, This improvement averaged 0,23 mm, por subject, which was highly
significant (about the 0.9% level),

Similer graphs were drem for the third group of subjects (Group D) who hal not previouly
been tested in the 00ld, The group aversge ourves show a dsfinite bend towmrds improved
performance on the two-point disorimination test. (See figs, 10 and 14). The gradual
deoresse in divider gep sise was not accompenied by any signifioant tendenocy to return to
the initial, or se eulled ‘pre-sxposure’ level, gap-sise, The largest decrease in averyp
gep sive of 0,50 sm, wag recorded at the end of A0 minutes ‘exposure’, This represents

o dscrwase from 2,37 mm, to 2,07 ma,, a significant change at about the 3K level,




within the first 10 xirmtes,

L o

A degree of similarity was notioced detwnen the first portions of D's ave
ourve and those for Groups A end O, After the initial rudhghdbunmroooﬂod fo:-‘g.
both groups, a relatively repid rate of improvemsnt in tactile sensitivity ocourred

This rapid decrement ingp-sise was then followed by a

further 10 minute period of very slight or no-improvement, and finally by a further

10 mimte period of relatively repid improvemsnut egain, (Tedble B),

Tahle B. Oompsrison of Aversge Tactile Sensitivity Levsl: for Groups A and C #-bject
: :::d expernrt, and Group D at Hoom Tespersture Auring the firet 35 minutes

Group

Indtia)
Realing

lavel
after
40 mins,

Af'ter
20 mins,

After
}Olinl.

D
. I

2.,7 |

2026 "

2,27 m

2,16 mm

0
Bp.X

1.’1 L}

’..87 -n

173 =

0.1

0.04

0.14

PR PP | ‘s

A
Bxp.X 2.2 m

2,00m| 2,06 1,9 m 0,14 0. 04 0,14

he individual curves of Oroup D show a somewhat varied response to the seocond
exporiment (£ig.12). 3 of the 12 sudbjeats show afairly marked improvemsnt throughout
the desting period, the decrement in gap-eise at the end of the testing periocd Aiffering
from the initial level by as much as 0.6 t0 4,35 ma, 2 of the subjects show an impaired
lsvel of which inoreases during the testing period, the final levels differ-
ing by 0,6 to 0.3 mm, from the initial levels, vhile the remaining 5 sudbjeots maintain
& faixly level performance, tending towards a small deorease in requisite gap-sise,

Eperinent 3 = Results, Tactiles Sensitivity.

Although all 6 subjeots in Orowp D had alresady Deen tested for a period of 50 wantes
&4 room tesperature on the Dividers Test, the group aversge curve (See figures 13 anmi 14)
showed a further improvesent in performance for the first A0-50 aimtes of the third

t, This was & decresse in gap-siss of 0,46 mm, (Prom 203 to 1.57 m

« & ohange significsnt at the 3% level), At the enl of the exposure period of 50 mimves,
the final average reoording wes 1.55 sm, shich cannot be regarded sa a signifiocant cherge
in performance lewel from that reached after A0-50 minutes testing at room temperature,
There were fluoctuations in performance during the ocold exposure, but the longest of these
fluotuations Soes nNot exoeed a change in perforsance level of more than 0.08 mm,

I$ sy be of interest to note that the group average curve in this experiment ex-
:Mhhﬁn seme phenomenon a8 that to whioh attention was drswn in the data susmarised
Teble B

Tables VII, VIIT and IX set ocut the relevant atatistioal data for this section of
the report, Analyris of variance oarried out on data from Groups D and O vhich were com~
Vined in o balanced arrengement, shownd that there were only two significant terms in
this snalysis « the 'between subjeots within groups' term and the ‘between learning and
no learning' term, The significance of the Nearning faotor'in this snalysis makes 1%

probable that similar improvement in the esrlier experiments was slso influenced by this
festor,

Experimant 1. Rezuits. Manusl Dexterity

The ourve plotted for Group D from the averages of individual performance on the
Pog Test showed an improvement in performance throughout the first 50 minutes of the
experimeont, (See Figures 15 and 16) . The aversge initial resding of 31.2 ssconds, may
be compared with the %0 mirute reading of 28.1 seoonds, an average {mprovement of 3,14
ssconis, This ia significant at thc 2% level. During the second part of the experiment,
when readings ware taken at 10 minute intervals (of, Experiment 1) a constant deteriora-
tion in performance was recorded, The largest average time taken to perform the test -
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31,2 seconds - was recorded after 30 minutes exposure, This was a deterioration sig-
nificant at about the 3% laevel,

Vi, —-= 77" "3onclusions
sQnclusions

Three main oonclusions, each of general and orastical importance, are to be drawn
fyom these experiments, They are:-

1, Exposure to temperatures of =10°0 to =15°C, without alr movement for periods of
half an hour and upwards interferes with manual dextsrity, Skill of this kind vegirs

to take longsr to carry out very soon (ten minutes or mo) after initial exposure., The
effects tend to inorewse fairly reapidly at first but after ths first half-hour or so,
more slowly, On return to normal room temperature récovery is rapid but not immediate,
Although it is true that in general the lower the siin temperatut the more mamal dex-
:‘O:My performanco is hindered (Miller 154L) the one oannct be used ss a direct index of

other,

2, The performance of tasks involving tactile sensitivity (as measured by the two-
point discrimination technique ) unlike that of tasks involving manual dexterity, appears
to be relatively unaffected by mild low temperatures (=10°C to «15°C), in the absence of
wind, The improvement recorded after successive applications of the two-point diseriminae
tion test, 4id not appear to be retarded, or in any other way impaired by the cold expo~

.eure, 7

3.  Rapid ohangs to a lowsr temperaturs, within the limits indicated, especislly when
it in scoompanied by air disturbance, are especially likely to vproduce deterioration, or
further deterioration, both of manuel dexterity and of tactile sensitivity,

V11, Discussion

.
1, While it is clearly demonstrated that exposure tocold at a level of ~10°% ¢o «15%,

in rtill air, and with only the working hand unprotected, hinders manual dexterity, the
experiments oy themselves do not indicate clearly what precise mechanisms are involved,
They do sugpest that it is unlikely that the falleoff is chiefly due to diminished tac=-
tile sensitivity, but even this is not quite clear, The most definite positive indione
tion is that the orincipal loss is directly due to the relative funaticnal ineffioienay
of the thumdb under these conditions, However if the twoepoint discrimination test had
besn applied to the thumb instead of the index finger, the results might have besn differ-
ent, But at the same time the LKCUMooiof o change of results ocourring woula not seem
to be very great, for Frant and Filduff/showsd that localised tralning in tactile dise
orixination gave rise to widespread improvement in other parts of ths body which hed not
previously been trained, and this finding would seem to be partly borne out by the im-
proved level of initial performancs in tactile disorimination as comparing the initial
reading of froups A and C in Experiment 1 with those in Experiment 2,

Another possitility also requires further exploration, The disability might de due to
some failure to use the information which normally (nlls an opsrator about the amount,
spued and direction of his movements, There sre forms of manual control, many of which
oaour in flying, which do not involve differentinl finger dexterity, but which do require
aoccurate movemont, If these turned out to be similearly affected under the same conditioms
the csse for some breakdown of kinassthetio 'feed back' would be greatly strengthened,

There is & third possibility and this aeems the most likely one. Tt may well be
that whanever socurate movements have to be made by two or more mcchers of the body

working together, if their normal relative functional efficlency is dinturbed, the

sccuracy of movement suffers in & marked way., In this special case the thumb suffers,
tut the index finper remains perhaps 1littls affaected, It would not be diffioult to
devise nther experiments setting up different types of change in the relative functioral
eoffloiency 0¢ simultaneously working parts of the body, Such experiments are very much
nseded both for theorstical and for practical reesons,

Yonrwhile it is certainly a gain to have beun shle to demonstrate that nanual
dexterity suffers under sven these, not very severe, low-temperature conditions, but that
loss is not likely to be very great unleus exposiue is fairly long continued,
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2, By far the most interesting of the results of the experiments, however, is that
which shows that taotile sensitivity may improve, or oontinue to improve, within limits
in spite of the loss of dexterity. It is trus that statistioal analysis sppears to show
that the improvement canmnot be directly attributed to the 00ld, but it osnnot be oontes~
ted that it takes plece and therefore chat there is nothing within the limits of the
times and tewperatures conoce these experiments whioch stop it, although 4t has
already bee:s stown hy Mao others that longer exposures or more severs cold
coniitions certainly do stop it,

Onoe again, however, when we oome to conaider ncasille underlyli:z mechanisms it
becomss olear that these experiments have opened up problems that must be attaocked by
different methods,

One possibiiity is that looal physiologiosl conditicns make tactile disorimination
somewhat easier, For this there is not much avidence =xuept the by the sudjects
that the point stimulations seemed to be more sharply defined in the oold, It is, how-
ever, possidle that a temporery inorease of the difference between skin temperature snd
the femperature of the Divider points wight bave this effeot and this would be consistat
with the relatively short Suration of the improvement. This hypothesis oould be tested,
but would demend a special instrumsnt after the s tyle often used to explore tempersture
sensations, In axy case it does seem important to settle this matter sincs it is poscihls
that normal tempersture effects oould be checked, or reversed, by oontrolling the tem=
perature of working tools, :

A seoond posepidility is that exposure to the cola produced an unwitting inorease
of effort and that the improvement was the direct result of this. Buch an explanation
would alse be consistent with a rapid return to pre=exposure levels of performance on
the termination of exposure in the 00ld chamber, The improvemsnt, that is to say, oould
be specific to partioular environmental oconditiens,

The principal diffioulty in this hypothesis is that if the improvement was due to
inoressed effort - “s motivation” « a similar isprovement might well have been
expeoted 40 take place for tasks requiring voluntary movement, It is true that in many
instanoes, of the dexterity vasks was cosparatively little affacted by the
0014 exposure and it is possidle that in these oases there was soms influence of inoresssd
offort working against the normal deterioration effect, A further experiment involving
soouTats voluntary movesent but without those forms of dexterity involving the thumb
might be performd, If, then, a similar improvement oocurred the case for unwitting
inoreass of effort would be strengthened,

This second possidility leads to, and, in faot partially overlaps, a third ~ that,
oither stimlated by the 0014 (stress) conditions, or ocontinuing a process atarted dut
not ocapleted during the pre-exposure period, there was some gemuine learning process as
a result of whioh aharsoteristios belonging to the two-point disorimination stimulation
but 0ot at first utilised by the subject, became effeotive. The tendency to return to
pre-exposure lsvels of performance o leaving the 00ld chazbsr wuld not de an obatasle
bere sinoe whatever has been gained by learning may be thrown out for a while by any
sarked change of envirommantal oconditions, There is little doubt that a process of
peroeptual learning does in faot take place, and that it 4iffera in some ways from tho
more ocommonly studied motor learning. But so far all attempts made in siwiler cases to
1dentify, or even to demonstrate the ooocurrence of oues, which at first pass unnotioed,
but later are used to inorease efficiency (  e.g. Maokworth 1952) have been unsucoess=
ful, Yet the fast that oonaideradle individual and group differences ococourred in all
the performances required by thess experiments must be interpreted to mean that there
were a mumber of different cuss cperating in the stimulation conditions amd that these
were being used differently, or different ones were being used, on different ocoasions,
These are the general oonditions under which bdoth ‘improvemsnt' and 'learning' can take
place, Bt there is at present no payohologioal underatanding of how, or by what mech-
aniams, thess conditions operate in the ocase of perception, Ry demonstrating that
improvemsnt does taks plece at threshold level in two-point tactile disorimination -
whether or not as a result of exposure to atress conditions = these experimants raise in
an souts form the whole problem of perocptual learming, with its vitally important theor-
etical and practical impliocations,

3. The deterioration whioh quiokly followed changs from a low to a perceptidly lower
tomperature, accompanied by air distwrbance, requires some form of explanation. It is
possidble that the cutaneous receptors involved in the performance of two-point di,orhh--
tion funotion normally up to & oertain oritical point, after which some of the reisvent
receptors oease to funotion, and this is socompanied by an lLemsdiate deterioration in
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performance. The sotual mechanism lesding to failure of normal function on the part of
the sense organs, might be due to a form of ‘summation effect!, the sudden changs in
environmental conditions acting as a stimulus for the produstion of an agent or egents

which gredually increase in concentration until the local receptors are prevented from

playing their normal role,

It should, however, be noted that the group average curves plotted froas individus?
skin temperature readings in the first experiment did not show any significant ohange
after the 30-LO minute 00ld exposure period, although ncme of the inlividual ocurves do
show a further drop in skin temperature, It might have besn supposed that any changs in
performance level on the taotile sensitivity test, if due to the sudden changs in oold
oonditions, would have been refleoted by the skin temperature resdings, but the variae
tion between subjects may account for a failure on the part of the group aversgs curves
to show this, The results here sgain emphasiséd the imporianis for human behaviour of
suiden change in envirommental oonditiona, It is in fact rapid changs, rather than abso-
luts level, .of stress that is significant,

Jbdern flying produces a large number of situations in which rapid change in
envirormental oconditions at high stress is a prominent character. Unfortunately behavios
sdaptations whioh awiftly follow change of this kind are apt to remain unnoticed at the
tima, and t0 pass without comment later, It seems not too much to say that they never
will be either properly appreciated or understood, unless they are made a subject of
speocific and planned experimsntal attack,
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Selection of the Tests

TANIZ IA

Oorrelations between 4 Mammal Dexterity testa completed by 20 subjects
at Room Tesperature, (Pigures in brsckets give level =f signifiss=ce of

assooiation, )
Unsorewing Pog Boramiriver Sorewiriver
Mts (Unsorewing} | (Sorewing up)
- 0. (] (]
(6.002) 0.4) (6u01)
00 - . o 68
e (0:502) ©:08) (0:001)
(mmw!.v: ) (g: 2 ,) (g:gg ) B (m;oéz);. at
Sorewiriver 0,50 0,68 00 31
(Bcrewing up ) (0.01) (0.001) (mg :33. at -
TABIE I‘!!

Gorrelations Detween 3 Teotile Bermitivity tests completed by

20 sudjects at Room Temperature, (n?uu in dreckets give

level of signifiosnce of assosiation,

v Pointers Hole
' - °o “ O.U
(0,001 ) (0.0%
Pointers 0.64 - 0.55%
(0.001) (0.04)
Bole 0.43 0. 55 -
(0.08) (0,01)

Bxperiment {1, « Marmal Dexterity

Derived figures from the actual results axre presented in the following tebles,

Since the aversge times (in secs. ) %0 perfors the Unsorewing muts, Peg, Sorewdriver
(unscrewing ) and Sorewiriver (screwing up ) testa under room-temperature oonditions were
spproxisately inversely proportional to 3%, 7, 2 and 1, these factors were used to multi-
ply times of parformannes and 20 make the tests oomparsble with each other. This was
nacasrary in order to wpply the analysia of variamne technique subsequently ossried out,




Time (in seos, ) for Group A to perform the Mamual Dexterity
tests at room temperature and efter cold exposure (% hour).

Tost Subject
}.\ 123 als |6]mm

Unsorewing Room 487 | 231 | 193 | 26, | 487 |26 | 1326

Muts
o — | Cold 231129112751 29 { 335 {308 | 1649
rog Room 196 | 221, | 267 | 238 | 189 247 | 1354
0old 210 | 210 § 231 | 224 | 210 {203 | 1288

‘vor Room 152 | 240 | 202 | 230 {182 {280 | 1286

(unscrewing) | o014 180 | 280 | 192 | 146 | 220 314 | 4332
Room 160 | 150 | 192 | 2u8 | 146 |210 | 1116

Sorewiriveyr
(screwing wp) [oo1a | 459 | 235 | 231 | 234 |165 |20% | 4228
Total Room 695 1885 | 874 | 980 {704 [971 {5409
oo1d | 780 [1016] 929 | 818 | 925 rms 5497
TARIZ IT(b
Tiwe (in secs, ) for Group B to perform the Manual Dexterity
tests at room temperature and after oold exposure (1 hour),

Test bjeot | 7 8 9 110 | 11 12 [Total
Tenp,
Unscrewing | Room 182 | 27% {160 | 283 | 4 %
Muts Oold B2 | 319 505 | 23 7
b2 ) 247 | 22 2 210 | 210
. R AL AR LN

Cgraatia

933
10 1y

L350
e

Sorewiriver
(sorewing up)

LILILIL:

1
Eill
B
3
229

R
B
AR AEAES

Totel i




Tiwe (in sccs. ) for Group C %o perform the Manual Dexterity
tests at room temperature and after oold exposurs (1% hours),

Test »-\.;ﬁxbdcct 130a]45] 16| 17 | 18 |pota

-

Unsorewing Room 269 |154 1275 j22v | 209 203 |13%0
Fats Cold 352 [182 |423 | 352 ;308 |599 {2216
Peg |_Room | 350 1156 |175 ;217 122¢ 1475 [1393

Cold _gg_zﬂ G 1273 | 280 [406 [1659

Sorewiriver Room 272 1150 1242 1210 | 254 {180 {1348

(unsorewing) | "Cold | 362 [222 | 306 | SLB [&45 [G40 |2054
Sorewdriver | Room 233 {157 |231 1221 |321 185 l1348
(screwing up )| “Cold 555 19; zgg 253 éﬂi '57% 2411

Room | 1124 1657 | 923 | 868 116, |7h3 5479
Oold | 151, [796 11181 [1266 1138 1985 18080

Total

The veriables which may effeot the recorded times are:-

1) The test performed

2) The temperature
3) The period for which the subject experienced the co0ld temperature
4) The subjeot himself.

and these varisbles and assooiated interaotions between them have been investi-
gated by a conventional analysis of variance teohnique, From this snalysis the
following +.ble was conatructed,

TABLE III

Analysis of Variance of data on Mamual Doxtor.lty‘ tonts summarised in Tebles II(a),
(b) and (o)

fouroe of Variation _ Sun of Squares ar, Mean Square ?

Detween Groups (G) oL406 2 47203 21,81

Between Tests (K) 46366 3 15488 X~

Petween Temperatures (T) 207784 1 20778, 96,02

Interaction (G z X) 17000 6 2833 .M

Intersation (G x T) 48601 2 24300 14,25

Interaction (X x T) 4812% 3 16042 7.0%

Mesidual Brror (1) 12987 3 216,

Petween Subjeats within Groups (S) 231032 15 15402 P
Interestion (K x 8) 7z AS 2838 0.86
Intersotion (f x 8) 228001 15 15246 WY
Residual Brror (2) 99359 30 3312
TOTAL 1161612 143

'z Sigrdficant at 5% level
xx Significant at 1€ level
xxx 8ignificant at 0.1% level

T™hs analysis is »lightly complicated by the fact that ench subject performed the teats
for only omw of the thres different sxposure periocds. Bence it is not possible to odizin

an overall significance tast hetwsan subjacts but only on subjectn within groups. This
alen affacta the :nterasticons which Includs suhlants as a variable,




It may hs seen thet the following differences were significant:=

(1) DBetwsen Tests (K) (5% level)

{(2) Petween Tomperatures (1) (0.,1% 1evel)

(3) Between Groups (6) (1% 2evel)

(4) Bstween Subjeots within Groups (3) (0.1% level)

Also the following intersotions showed significant differences:-

(3) 6x T (1K)

(6) Ex 7 (5%)

(7) x8 (0.1%)

b‘!ha first four sourves of variation may be expressed as follows:

(1) Performances varied from test to tesat.

(44} Performances were clowsr in the cold than at room temperature,

111) Performances of Groups A, B, and O differed significsntly.

(iv) Performsnoss of.sows subjects were faster than others within a group.
The intersctions signifiocant say be stated thuss

(v) Performances deteriorated as the exposure period insresssd,

(vi Performances deteriorated more on soms tests than on others in the oold,

(vii) Perforsances of soms subjects within a group deteriorated more than
those of other subjects,

. By the method used to equate the times of tests at rooa temperature, the
result * 1) shows, in "f"?’ that performances vary from test to test in the oold,
This is emphasised by (vi), D
Conolusion(14) = that cold conditions have a deleterious effect on tests of
nsnual dexterity is sudbstantiated by (v) whioch shows that this effect inoreases

as length of exposure inoreases,

Oonolusions(iii) end (4v)ehow how differently these tests are performed when
attempted by a mmber of subjects, The group resulis varied (due obviously in part
t0 the effects of different periods af 0old exposure ; but in view of the differences
between 'subjects within groups' (4iv) one suspacts an additional variation due to
‘subjects between groups’., This subject variation is further showm in their

different rvsotiona to the cold oonditions (wiy),




TARIE IV

. Dimorimination gap sive (in m.z for Groups A, B and C reocorded for the Tactile
Sensitivity teat at Room Temperature (prior to ontering the cold chember), at the end of
period of exposure to 00ld and {inally Foom Temperature when the subjects had 'returned
t0 normal’ as indicated by skin temperature,

Rﬁjwt

Group | Temp, ~d Tl 2] A 5| 8 |mm
Toom 1 Z A0 | 1.15 | 2.30 | 1.85 | 2.65] 2.70 | 13.35 |
A 0o1d 2,25 | 1.70 [ 2,00 [1.45 [1.60] 2.20 | 11.20

Room 2 2,55 | 1,90 | 2,35 [ 1.60 | 1.0 2,30 | 12,10
-
Temp, ~ 7 8 9 |10 | 1 12 | total

Tom 1 | .90 | %15 | 1.55 | 2.5 [1.70] 2.0 | .75 ]
B Oold 1.60 | 1,70 [1.70 [1.45 [4.80] 2,05 | 10.30

Room 2 1,90 | 1.90 | 1,75 [4.65 |1.80] 2.40 | 11.10

Bub jeot

Tomp. 43 ] f s 16 a7 | 18 |reta

Room 1 1,80 | 4.75 |1.70 |2.15 |2.30] 2.50 | 12,20

o 0018 | .35 | 4,15 [1.50 [2.40 [2.20| 2.55 | 11.45
Boom 2 | 1.60 | 1.60 | .55 |25 |2.00] 2.25 | 11.15

Roon 14 5,80 | 5.65 |5.55 |6.05 16.65| 7.60 | 37.30
Total Oold 5.20 | 4.55 |5.20 15,30 }5.60] 6,80 | 32,65

An analysis of variance technique was applied to this data, From this analysis
Tehle V was formmlated,

TABLE V
Analysis of Variance of dats on Tactile Sensitivity tests c3 18 subjeots at
Room Tempsrature and under Oold conditiona shown in Table 1V,

Source of Sum of 4,f, | Mean Square ) 4
Variation Squares

Between x

Oroups  (n) 0, 3462 2 | 0.473%4 9.62
Between x
Tewperatures( 1) 0.61%4 2 | 0.307% 17.08
Residnal

Brror (1) 0.0749 L | 0,01P0

Between Subjects o

within Croups (S) |4.4569 15 0.2971 16.51

Renilunl

®rror ( 2) _1a.su 30 | 9.0511

Tocal 7.0315 5t

¥ ST~ifisant at 50 (evel, xxx Sirnificant rt 0,170 lawvel




T™is tuble shows significant differences

;1; Between Groups (G) (5% level)
2) Between Temperatures (7) (5% level)
3) Between Subjects within Groups (S) (0.1K level),

Here it should be roticed that (1) showed Group A to de less sensitive than Groups B
or O, Croup B was the most sensitive of the three groups, Also that the subjects required |
a smaller gap size for two point disorimination during #12 awvorure tc ¢hz colder itempera- !
ture, than during either the pre- or post-exposure peviods. P

The subjeots themselves varied very significantly within a group and this unfortunstely |
would tend to iuvalidate sny Judgment on group effeots dus 4o length of exposure.

Ths improvement in the oold being the most interesting faoter, the dszta was sube-
analysed into two further gectiona oonsidering

(a) only pre-sxposure and terminal exposure readings, and
(b) only terminsl pest-exposure, snd terminal exposure resdings,

Here the results showed signifiosnt improvement (5% level) in (a), see Tadble VI(a), bLut a
' pon=significant improvement in (b), see Table VI(b).

TARIE VI(a)

Analysis of Varianoce of part of the datu shown in Tsble IV oonocerned with pre-exposure
period and cold chasber results,

fSouroe of Sum of
Variation Squares | 4.f. | Mean Square r
Between
aroups (g) 0,2606 | 2 | 0,430 5,04
.| Between x
Temperaturea(y) | 0.6006 t 0, 6006 23,23
Residual
Trror ((1) 00517 | 2 | o.,0258
Between Budjeots
within Groups (8) | 3.4020 | 15 | 0,2296 3.8
Residual
Brror (2) 0.9039 | 15 | 0,0603
Total 5.2608 | 35

= S8ignificant at 5% level
xx BSignificent at 4% level

PABIR VI
Analysis of Varianoe of part of the data Tabls IV converned with post-exposure
period and 0014 chasber results,
 Souroe of “Sum of
Variation Squares | d,f, | JMean Square ) 4
Do tween
OGroups (g) 0.4506 2 0.0753 3.73
Yetween
Temperatures(t) 0.0803 1 0, 0803 3.98
Residual
Brror (1) 0, 04,05 2 0, 0202
Batween Subdjects
within Sroups (8) | 3.8200 | 15 | o0.2547 10,66
Residunl

Xxyx Sienificant at 0,1 level




D, Tastile Sensitiviiy sd Skin Tempearature

There were 112 sets of reading of tactile sensitivity and sidn temperature from tna
reoords of the 18 subjects., The mwber of realings per subject varied from 4 on some
subjests in Group A to 9 on others in Group O, A correlation between these two measured
quantities resulted in a value of 0.21 for the correlation coefficient which was signifi-
oant at the 5% level, showing that cold conditions tended to produce increased senaltivity,

An attempt to eliminate a certain smount of the heta—openeity of this data by reducirg
the nusber of readings per subject to 3, the initial tert realing, th3 realing after 30
mins, exposure, and the final test realing after leaving the cold chamber, resulted in a
coeffiocient of 0.29, again significant at the 5% level,

In sn effort to avoid any possidle ‘learning’ fastor, ths reeding after 30 mins.
exposure and the final test realing were used, giving a cosfficlent of 0,3, nearly sig-
nifioant at the 5% level, . o _

"B, Experiment 3. - Tsotile Sensitivity. |
 For this snalysis of the results of Group D were combined with corresponding values = .
of Group G to form the balanced arrangement shown in Table VII. This gives the results .
rhgglownpnuunat; : S . ; ‘ o S T
"~ (a) The first five readings at room temperature, including a possible
Lo 'learning factor'. o Lo
S (b) The final pre-expostre resding and the first four exposure resdings, thus
. exoluding sny ‘learning faotor!, - R ‘: S
Group O has the contrasting arrangement of's

. +.() The pre-exposure reading and four subsequent exposure readings, inoluding .’
& posaidle 'lesrning factor'. - .

" (b) The five consecutive room temperature resdings following a 50 mimute test
period, thus exoluding any 'learning factort, o

mu: Sensitivity (in mms, ) of Groups O and D for two 40 mimute periods unler varylng . |
oconditions, L : T N

.

-

. ‘ Oold (with learning) Rooa Temperature (without learviy)
Group  Bubjeet L 10 40 o 0] 20 (3| 50
exXposure .
W% 1,75 1.5% 1,35 | 1.55 |1.45 1.33 1.98 1,40
A 18 1,70 1,98 1,50 | 1.70 [1.80] 1,80 | 1,70 1,50
o 16 2.15% 2.2% 2.50 12,00 {2,101 2.20 | 4.90 1,9
Y 2,30 2,30 2,15 12,30 |2.A0] 2,40 | 2,78 ]  2.60
48 2,50 2,50 21512 2,601 2,90 | 2,%0 2,65
Group Sudject| Room Tesperature (with learning) '0old (without learming)
Pre=
0 10 20 exporure | 410
2.0 [2.00] 2.5 | ‘3%' T"gﬁ" "'?2“‘.05 130 "1'%‘. 41.%' T.! f"i'
20 2,30 |2.30] 2.00 {1.7% |1 1,05 1.10 | 1, 1,00 | 1.30
21 4.9 [2.08] 2,20 | 2,15 |2.0% 1.7 4,40 | 1,70 14,68 | 1.48
D 22 2,60 |2.48] 2.20 | 1.9% |2.0%8 2.10 1,70 | 2,20 |4.95]4.65
23 2,00 |2.60) 2,70 | 2.70 | 2.5% 1.9 1,90 | 1.50 [1.85 |4.2
2h 2.% [2.70] 2.70 | 2.65 |2.48 1.5% 1,65 | 1.0 |4.50 4,70

A reduction of Tsble VII to relative values, the initial resding of each experience
daing mate mero (O) as shown in Tedle VIII,




Reduation of Table VII to deviations (in mms.) from initial values in Cold or at Room
Temperature whichever is appropriate. (Negative values indicate increased sensitivity.)

Cold (with learning) Room Temperature (without lcarning)
Gooup [ Subject Pre- i
: Exposure 10 20 30 40 C 10 20 30 40 ?
13 ‘ o "oo 50 ‘ ‘oo ‘bs "oo 65 -oo 60 0 '00 20 00 w -O. 10 «0.10 i
1‘; 0 -0. 20 -O. 25 -0.1..0 "Oo ';0 0 -00 10 °o m U. 00 'Oo 15
15 0 20,15 | «0.25 | =0.40 |-0.20| © 0:40 | 0.1 0.00 | -0.20
o ’6 O ' 0. 10 0. 15 -00 10 0035 G 0010 0.20 .OO 10 -0.10
17 . 0 0. 00 '°o 05 -0. 50 -0. 15 0 o. 10 °. 10 0. hs O. 30
18 ’ 0 o.m -0020 0015 0025 0 O. 10 °om O.W 0. 15 o~
Room Temperature (with learning) Oold (without learning) ;
| Group| Subject| - e : | Pre- |
: .0 10 20 g o) 40 Exposure 10 20 30 40
‘9 o -0.80 -00 '&5 -0. m i -0. 80 ° O. 25 °o 25 0. 10 O. w
20 0 0,00 | <030 | <0.55 | -0.40 0 0,05 | 0.35 | =0.05 | 0.25
21 O . O. '5 0. 30 °o 25 O. 15 ° .00 3’ '°o 05 -O. 10 -O. 30
. D 22 ° - -0. 15 -0. kO -0. 65 -0. 55 ° -O.hO °o 1° -0. 15 -O. 105
23 | 0.:~0.,20} -0.10 «0,10 | -0.25 0 «0.05 | 045 | =0.10 | =0.15
2h "0 0,20 0.20 | 0.15 | =0.05 - 0 0.10 | -0.15 | =0.05 0.15

© An analysis of variance was carried out on this data. Complicated by the fact that
the subjects were different in each group, and that was no clear dichotomy between rocm .
tsaperature and oold oconlitions, or between 'learning factor' and no 'learning faotor' in
: either group, only a few of the many possible interactions. oould be computed. - None of
these proved to %e significant at a high level of probability and were thus included in
} ~ 4he 'residual error' terms. o :

“ L Table IX shows the variation between the five main factors. It will de notioced that
only two of thea were at all significant, the 'batween subjects within groups' term amd ~

the "between learning and no learning' term. . The subjects, as has been seen before,
were very variable. The ‘learning faotor' also showing up significant at the 17 level
indicated that the improvement found in Experiment 1 thought to be due to the oold condi-
$ions, was in feot influenced by the 'learning factor', & oonclusion supported by the

" non significance of the ‘between temperatures' term in this analysis. . It should be

; mﬁd. however, that this work is ooncerned only with the first LO minutes exposure

C ab -4 . » . : .

¥

PARLE L

Analysis of Yariance oarried out on the data in Table VIII (Non-significant intersction
terms have been included in the Residual Error terms.)

Source of Sum of

variation Squares | 4efs [Moen Square | ¥
Betweon loarning 0. 9204 1 0. 520 19 . 34X
and no learning
Temperatures 0.0084 1 0. 0084 0.10
Resi2ual Brror (1) | 377 | u6 0.0814 .
Petveen OGroups 0.0459 1 0.0459 2.42
Petwoen Lengths
of Exposure Period 0,138 3 0.04,38 2.3
Between Subjeots :

: within Groaps 1.8878 | 10 0.1888 9, 9%

| Residval Prror (2) | 0.6273 { 33 0.0190
Total 7.3660 | 95

xx Significent at 1¥ level
xxx Sigrificant at O. 19 level.
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